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(54) High ripple current capacitor 

(57) The invention relates to a high current capaci- 
tor comprising an outer casing of substantially annular 
cross section comprising an outer side wall having an 
interior diameter, a bottom and a hollow interior tube 
having an outer diameter disposed within the outer side 
wall and extending through said bottom, the outer side 
wall, bottom and interior tube being integrally formed 
from a substantially continuous piece of thermally con- 
ductive material, a convolute wound capacitor winding 
having substantially annular cross section and being 
disposed within the outer side wall and surrounding the 
interior tube, and a substantially annular closure mem- 
ber comprising an opening to receive the outer diameter 
of the interior tube, the closure member comprising 
apparatus for sealing the closure member to the interior 
diameter of the outer side wall and for sealing the open- 
ing therein to the outer diameter of the interior tube 
whereby fluid movement through the interior tube con- 
veys heat from the capacitor and the thermally conduc- 
tive material of the outer casing conducts heat from the 
interior tube to the bottom and the outer side wall. 
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Description 

"Si 

BACKGROUND OF THE INVENTION 

The present invention relates to capacitors capable s 
of withstanding high alternating "ripple" current loads 
and more particularly to electrolytic capacitors having 
improved ability to dissipate heat generated by such rip- 
pie currents. 

Capacitors are routinely subject to ripple currents, 10 
particularly when used as filters in DC power supplies 
and AC inverters. Through known circuitry arrange- 
ments, the capacitor is used to reduce the ripple current 
to an amount meeting the tolerances imposed on the 
power supply. The reduction of ripple current, however, 15 
generates heat within the capacitor which can ruin or at 
least shorten, the useful lifetime of the capacitor. 
Accordingly, increasing the ripple current handling 
capacity of capacitors is desired by the industry. 

Traditional methods of increasing the ripple current 20 
handling capability of electrolytic capacitors have been 
to increase the maximum rated operating temperature 
of the capacitor or to reduce its equivalent series resist- 
ance to decrease the power absorbed by the capacitor. 
Both of these methods increase the cost of the modified 25 
capacitors. Another known method has been to 
increase heat dissipation by the capacitor by lowering 
its effective thermal resistance. The latter methods 
allow the electrical properties of the capacitive element 
to remain the same, which is an advantage. However, 30 
the added structures needed to dissipate the heat have 
increased both the size and complexity of the overall 
capacitors, which reduces both their desirability and 
usefulness and also increases their cost. It is an object 
of the present invention to increase the thermal dissipa- 35 
tion of capacitors without significant size, cost and com- 
plexity increases. 

SUMMARY OF THE INVENTION 

40 

The capacitor includes an outer casing comprising 
a cylindrical outer side wall, a bottom and an internal 
tube extending through the bottom and through an 
opening in a top closure of the capacitor. The capacitor 
winding is produced with a substantially cylindrical cen- 45 
tral opening which is disposed over the sides of the 
internal tube between the tube and the outer side wall. 
The internal tube is in close thermal contact with the 
bottom which is in turn in close thermal contact with an 
end of the outer side wall. Advantageously, the internal so 
tube, the bottom and the outer side wall are all integrally . 
formed from a single piece of thermally conductive 
material such as aluminum. 

The internal tube makes advantageous use of the 
previously unused space in the center of a capacitor 55 
winding which is left when the winding mandrel is 
removed. The internal tube conveys fluid, such as air, by 
convection or can be attached to forced fluid flow for 
heat dissipation. Further, the close thermal contact 



between the components of the casing allows thermal 
conduction through the entire casing to convey heat 
from hot spots to relatively cooler areas where it can be 
dissipated. 

Advantageously, the winding is placed in close ther- 
mal contact with the various parts of the casing. The 
central opening of the winding is sized to approximate 
the exterior diameter of the internal tube for a tight, ther- 
mally conductive fit. The winding is pressed down into 
the casing so that close thermal contact is made with 
the bottom of the casing. Additionally, the outer side wall 
of the casing may be deformed in grooves to press into 
the winding to promote thermal transfer as well as struc- 
tural soundness. Further, the internal tube may be 
extended through the bottom of the casing to form a hol- 
low stud for mounting the capacitor. The hollow stud 
allows convection and forced fluid cooling through the 
internal tube and permits the capacitor to be connected 
in thermal contact with a heat sink The above normal 
construction produces a capacitor capable of operating 
with large ripple currents by rapidly dissipating the heat 
generated in the capacitor by such currents. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a longitudinal sectional view of a capacitor 
constructed in accordance with the invention; 
FIG. 2 is a top plan view of a closure for the capac- 
itor; 

FIG. 3 is a longitudinal sectional view of a capacitor 
casing; 

FIG. 4 is a sectional view of the closure of FIG. 2 
along sectional line 4-4; 

FIG. 5 is an exterior view of a capacitor with longitu- 
dinal grooves in an outer wall; 
FIG. 6 is a sectional view of FIG. 5 along sectional 
line 6-6; and 

FIG. 7 is a longitudinal sectional view of the bottom 
portion of a capacitor embodiment. 

DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENT 

FIG. 1 is a longitudinal cross-sectional view of a 
preferred embodiment of a capacitor 1 0. FIG. 2 shows a 
top plan view of a closure 22 for capacitor 10. Capacitor 
10 includes a casing 12 having a substantially cylindri- 
cal outer side wall 14, an open internal tube 16 and a 
bottom 18 integrally formed with the outer side wall 14 
and the internal tube 16. Internal tube 16 is open 
through the bottom 18 for fluid communication beyond 
the casing. A wound capacitor body 20 is disposed 
within the casing 12 surrounding the internal tube 16. 
Closure member 22 (see also FIG. 2) is sealably fixed to 
the outer diameter 24 of the internal tube 1 6 and into the 
inner diameter 26 of the outer wall 14. Closure member 
22 is comprised of two layers of insulating material 23 
and 25 (FIG. 4) thr ugh which a first terminal 28 is elec- 
trically connected to the anode of capacitor body 20 and 
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a second terminal 30 is electrically connected to the 
- cathode of capacitor body 20. Capacitor body 20 may, 
for example, be convoiutely wound and include conduc- 
tors 31 and 32 for connection to the terminals 28 and 
30. 

Preferably, casing 12 is comprised of thin walled 
aluminum having good thermal conductivity. Although 
the casing may be formed by several known processes, 
such as casting or deep drawing, desirable containers 
are produced from an impact extrusion process. Such 
processes produce an integral assembly in which the 
outer wall, the bottom and the internal tube are all 
formed from a single piece of aluminum. 

FIG. 3 shows a cross section of a casing 12 prior to 
the assembly of the capacitor 10. The casing is origi- 
nally formed to have a straight side wall 14 and a 
straight internal tube 16. The ductile aluminum of the 
container is worked at 40 to form a groove running 
around the circumference of the outer wall 14. The 
groove 40 creates a lip 41 on the interior of side wall 14, 
which lip provides a support surface for the closure 
member 22. The internal tube 16 is also worked to 
reduce its diameter at a point 45 which is substantially 
coplanar with the top of groove 40. The reduction in 
diameter 47 of internal tube 1 6 provides a support ledge 
46 for the open center 34 of closure member 22. 

Closure 22 is shown in plan view in FIG. 2 and in 
cross section in FIG. 4. Closure 22 is comprised of a 
first layer 25 of phenolic material which is electrically 
insulating and provides strength to the closure. The sec- 
ond layer 23 is comprised of efastomeric sealing gasket 
material which helps seal the open end of the capacitor, 
as discussed below. The terminals 28 and 30 are dis- 
posed through both layers 23 and 25 of closure 22 to 
provide electrical contact from the interior of the con- 
tainer to the exterior. A vent apparatus 13 may also be 
disposed through closure 22 in a manner well known in 
the art. 

To begin assembly, the anode and cathode of 
capacitor body 20 are connected to terminals 28 and 30 
by means of conductors 31 and 32. The capacitor body 
20 is formed to have a hollow inner center of substan- 
tially the same diameter as the outer diameter 24 of the 
internal tube 16. The outer diameter of the capacitor 
body 20 may be advantageously formed to be similar to 
the inner diameter of outer side wall 14. The capacitor 
body 20 is placed in the container so that its hollow 
inner center fits over the internal tube 16 and its outer 
diameter is at or near the inner surface of the outer side 
wall 14. As the capacitor body 20 is inserted into con- 
tainer 12 the closure 22 is pressed down over the 
reduced diameter portion 47 of the internal tube 16 and 
the outer circumference of the closure enters the upper 
extension 54 of the outer side wall. The closure 22 is 
pressed into place until its center rests on ledge 46 and 
its perimeter rests on lip 41 . 

When the dosure 22 is in place the ductile alumi- 
num of the side wall extension 54 is curled 55 over onto 
the gasket material 23 of closure 22. The curled edge 



55 is formed by arrangements known in the art and can 
both firmly hold closure 22 as well as seal the outer 
perimeter of the closure. Similarly, the portion 47 of the 
interior tube 16 is worked to form a curl 53 which retains 
5 and seals the center of the closure 22 to the interior 
tube 16. 

The capacitor 10 as described herein provides 
improved abilities to withstand high ripple currents. The 
internal tube 16 makes use of normally wasted space 

io inside a wound coil type capacitor. The presence of the 
tube increases the overall surface area of the container 
and thereby improves heat dissipation. The central tube 
will create fluid fbw by convection and it can be 
employed to convey forced fluids for heat dissipation. 

is Further, the thermal conductivity between the tube and 
bottom as well as between the bottom and side wall 
increases thermal conductivity between hot spots and 
relatively cooler spots on the container. 

As previously mentioned, the central opening of the 

20 winding is substantially the same as the exterior diame- 
ter 24 of tube 1 6. When winding 20 is pushed into place, 
the identity of sizes results in a tight fit which improves 
thermal conductivity from winding 20 to tube 16. Addi- 
tionally, the winding is pressed down into the casing so 

25 that its bottom abuts the bottom 18 of the casing. This 
promotes good thermal conduction from the winding to 
the casing bottom. 

FIGS. 5 and 6 represent an additional advanta- 
geous feature of the capacitor. As previously discussed, 

30 the capacitor body 20 may advantageously have an 
outer diameter which is similar to the inner diameter 26 
of side wall 14. The side wall 14 of the container may 
then be deformed to include indentations 56 running 
parallel to the longitudinal axis of the casing. These 

35 indentations are, in fact, grooves which place portions of 
the aluminum side wall 14 into contact with the capaci- 
tor body 20. The grooves 56 improve the soundness of 
the packaging by retaining the winding and they pro- 
mote thermal transfer from the winding 20 to the outer 

40 side wall 14. 

FIG. 7 shows the bottom of a capacitor including an 
additional feature, in FIG. 7, the internal tube 16 is 
extended through bottom 18 to form a hollow stud 11. 
Stud 1 1 has an internal wall 13 which is a substantially 

45 continuous extension of the internal wall of internal tube 
16. Stud 1 1 also includes screw threads 1 5 for mounting 
the capacitor to a heat sink by means of a threaded nut 
(not shown). A casing of the type shown in FIG. 7 which 
includes stud 1 1 may be formed during an impact extru- 

50 sion process. Alternatively, the stud 1 1 may be sepa- 
rately formed and attached to a casing of the type 
shown in FIG. 1 by welding or other known attachment 
process. 

The invention has been described with reference to 
55 an embodiment of a specific capacitor. Modification may 
be made to the described embodiment within the scope 
of the invention as set forth in the following claims. 



3 



5 



EP 0 780 855 A2 



Claims 

1 . A high ripple current capacitor comprising 

an outer casing of substantially annular cross 5 
section comprising an outer side wall having an 
interior diameter, a bottom and a hollow interior 
tube having an outer diameter disposed within 
the outer side wall and extending through said 
bottom, the outer side wall, bottom and interior 10 
tube being integrally formed from a substan- 
tially continuous piece of thermally conductive 
material, a convolute wound capacitor winding 
having substantially annular cross section and 
being disposed within the outer side wall and 15 
surrounding the interior tube, and a substan- 
tially annular closure member comprising an 
opening to receive the outer diameter of the 
interior tube, the closure member comprising 
apparatus for sealing the closure member to 20 
the interior diameter of the outer side wall and 
for sealing the opening therein to the outer 
diameter of the interior tube whereby fluid 
movement through the interior tube conveys 
heat from the capacitor and the thermally con- 25 
ductive material of the outer casing conducts 
heat from the interior tube to the bottom and 
the outer side wall. 

2. The capacitor of claim 1 wherein the thermally con- 30 
ductive material is aluminum. 

3. The capacitor of claim 2 wherein the capacitor 
winding is in close thermal contact with the interior 
tube to promote thermal conveyance therebetween. 35 

4. The capacitor of claim 3 wherein the capacitor 
winding is pressed against an interior surface of the 
bottom to promote thermal conveyance therebe- 
tween. 40 

5. The capacitor of claim 2 wherein the outer side wall 
is deformed into the volume of the outer casing to 
promote thermal conveyance between the outer 
side wall and the winding. 45 

6. The capacitor of claim 5 wherein the deformations 
comprise a plurality of grooves in the outer side wall 
pressing the inner surface of the outer side wall into 
the winding. so 

7. The capacitor of claim 6 wherein the grooves run 
longitudinally along the longitudinal axis of the outer 
side wall. 

55 

8. The capacitor of claim 1 wherein the internal tube 
extends through the bottom and forms a hollow 
mounting stud. 
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